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Charmonium decays provide an ideal lab 
for light hadron physics

• Clean high statistics data samples

• Well defined initial and final states
• Kinematic constraints

• I(JPC) filter

• “Gluon-rich” process
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What’s the role of gluonic excitation 
and how does it connect to the 
confinement?

Phys.Rept. 873 (2020) 1



A few highlights

• Structures near NഥN threshold
• X(pതp) and X(1835)

• Scalars near KഥK threshold
• a0 980 − f0(980) mixing

------

• Search for glueballs and hybrids
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pതp threshold enhancement X(pതp)

• First observed in J/ψ → γpതp at BESII, 
confirmed by BESIII and CLEO-c

• PWA of J/ψ → γpതp : JPC = 0−+

• The fit with a BW and S-wave FSI (I=0) factor 
can well describe pതp mass threshold structure

• Non-observation in hadronic decays: not 
from pure FSI of pതp
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PRL 108 112003

PR D87 112014 PR D93 052010 PR D99 112010



X(1835)

• Observed by BESII in J/ψ→γη′π+π-, 
confirmed at BESIII

• PWA of J/ψ→γKsKsη
• X(1835)→𝐾𝑆𝐾𝑆𝜂 is observed (the 𝐾𝑆𝐾𝑆

system is dominantly produced through 
the f0(980))

• JPC=0-+

• Observation of 𝜂 1475 and X(1835)
in 𝐽/𝜓 → 𝛾𝛾𝜙
• Flavor filter: sizeable sതs component
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PRL 106 072002

PRL 115 091803

PRD 97 051101
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X(𝐩ഥ𝐩) observed  in J/ψ→γ𝐩ഥ𝐩X(𝟏𝟖𝟑𝟓) observed  in  J/ψ→γ𝛈′𝛑+𝛑−

Anomalous line shape of η′π+π- near pതp mass threshold: 
connection between X(1835) and X(pതp)   

Connection is emerging

X(1835)  JPC=0-- +

M = 𝟏𝟖𝟒𝟒 ± 𝟗−𝟐𝟓
+𝟏𝟔 MeV/𝑐2

Γ = 𝟏𝟗𝟐−𝟏𝟕−𝟒𝟑
+𝟐𝟎+𝟔𝟐 MeV/𝑐2

X(𝐩ഥ𝐩) JPC=0-- +

M = 𝟏𝟖𝟑𝟐−𝟓 −𝟏𝟕
+𝟏𝟗 +𝟏𝟖 ± 𝟏𝟗 MeV/𝑐2

Γ = 13 ± 19 MeV/𝑐2

(< 𝟕𝟔𝐌𝐞𝐕/𝐜𝟐 @ 90% C.L.)

The anomalous line shape can be modeled two models with equally good fit quality
• Suggest the existence of a state, either a broad state with strong couplings to 𝒑ഥ𝒑 , 

or a narrow state just below the 𝒑ഥ𝒑 mass threshold

PRL 108, 112003 (2012)
PRL 115, 091803 (2015) 

PRL 106, 072002 (2011) 

PRL 117, 042002 (2016) 



• Structures near NഥN threshold
• X(pതp) and X(1835)

• Scalars near KഥK threshold
• a0 980 − f0(980) mixing

------

• Search for glueballs and hybrids
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𝑎0 980 − 𝑓0 980 mixing
• The nature of ground state scalar a0 980 and f0 980 are 

controversial  

• 𝑎0 980 − 𝑓0 980 mixing (proposed in 1979) is very sensitive 

to KK coupling, which is an important probe to the internal 
structure of a0 980 and f0 980
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Quark model

qതq mesons, KഥK molecules, tetraquarks, hybrids,…？
Experimental data



𝑎0 980 − 𝑓0 980 mixing
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Significance of 𝑎0 − 𝑓0 mixing signal VS. coupling of 𝑎0(𝑓0) → KK

7.4 σ

5.5 σ

First direct measurement with > 5𝜎 , [BESIII PRL 121 022001]

PR D75 114012,
PR D76 074028 PR D78 074017



Explore light hadrons with charmed 
meson decays

BESIII measurements:
PRL 121, 081802 (2018)
PRL 122, 062001 (2019)

In the SU(3) symmetry limit, 
PR D82, 034016 (2010)

𝑅𝐵𝐸𝑆𝐼𝐼𝐼 > 2.7 @ 90% C.L.



• Structures near NഥN threshold
• X(pതp) and X(1835)

• Scalars near KഥK threshold
• a0 980 − f0(980) mixing

------

• Search for glueballs and hybrids
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Glueball
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Glueballs from Lattice simulations in the pure 
gauge theory without quarks 

Phys. Rev. D 73, 014516  

Low lying glueballs with ordinary 
quantum number
→mixing with qqbar mesons

Systematic studies needed
• Outnumbering of simple QM states
• Abnormal properties

Evidence of gluon self interaction 
Provide critical information on the gluon field and the 
quantitative understanding of confinement



Overpopulated scalar mesons
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From M. Pennington

Mixing scheme：
very controversial and model dependent
f0(1500) , f0(1710), which one has more gluonic
component?



Amplitude analysis of J/ψ → γηη/KS
0KS

0
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Br of f0(1710) ~10x larger than f0(1500)



Scalar glueball candidate
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Experimental results

f0(1710) largely overlapped with scalar glueball



Tensor glueball candidate
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Experimental results

BESIII J/ψ → γϕϕ

It is desirable to search for more decay modes 

f2(2010), f2(2300) and f2(2340) stated in 
p-p reactions are observed with a 
strong production of f2(2340)
Consist with central exclusive 
production in WA102



Pseudoscalar glueball

Long standing E-𝜄 puzzle
Where is the 0-+ glueball

• LQCD：0-+(2.3~2.6 GeV)
• Does 𝜂 1295 exist?
• What’s the nature of the 

outnumbered 𝜂 1405 ?

MARKIII
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The small number of expected pseudoscalars in the quark model provide a clean and 
promising environment for the search of glueballs



f0(980) is extremely narrow:   10 MeV. 

PDG: (f0(980))  40~100 MeV. 



Anomalously large isospin violation: 

J/


(1405/1475) 

f0(980) 

p

p
p
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BESIII PRL 108 182001

Isospin-violating decay of 
η 1405 → f0 980 π0



Isospin-violating decay of 
η 1405 → f0 980 π0
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→No need for two pseudoscalars around 1.4 GeV
→Look for pseudoscalar glueball in higher mass region 

Inspired by BESIII’s observation, the triangle singularity mechanism plays an 

important role in the study of threshold phenomena 



Structures >2 GeV

BESIII PRL 106, 072002, PRL 117, 042002  
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J/ψ→γη′π+π-

X(2370)
J/ψ → γη′KK BESIII Eur.Phys.J.C 80 (2020) 8, 746

8.3σ



Landscape of light glueball has been updated
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Scalar：Overpopulation

• LQCD : ground state 0+ glueball 
~1.7 GeV, first excitation ~2.1
GeV

Tensor：large uncertainty

• LQCD：2++(2.3~2.4 GeV)

Pseudoscalar：very little known 
above 2 GeV, puzzles in low mass 
region

• LQCD：0-+(2.3~2.6 GeV)

✓ Strong production of 
f0(1710)/f0(2100) in 𝐉/𝛙 →
𝛄 𝛈𝛈/𝐊𝐊/𝛑𝛑

✓ Strong production of 
f2(2340) in 𝐉/𝛙 → 𝛄𝛈𝛈/𝐊𝐊/
𝛑𝛑/𝛟𝛟

✓ Trajectory：

• η(1405) /η(1475) can be 
one resonance

Above 2 GeV: X(2370)?



Hybrids
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⚫Only 𝜋1 are observed. Isoscalar 1-+ is critical to establish the 
nonet

⚫ Isoscalar 1-+ is expected to be produced in J/ψ radiative decays
⚫ J/ψ → γ + a1𝜋/ηf1/K1K/ηη

′/ηf2 /…,
⚫ Synergies between other experiments with different production 

mechanism 



Hybrids

• 𝝌𝒄𝟏 provides another suitable environment to look for 1-+

• 𝝅𝟏(1600)  studied in 𝝌𝒄𝟏 → 𝜼′𝝅+𝝅− by CLEO-c 
• only 𝝅𝟏(1400) has been reported decays to 𝜼𝝅

• Clear evidence for a2(1700) in χc1decays.
• First measurement of  𝒈𝜼′𝝅

′ ≠ 0 using 𝒂𝟎 𝟗𝟖𝟎 → 𝜼𝝅 line shape.

• Measured upper limits for 𝝅𝟏(𝟏
−+) in 1.4 - 2.0 GeV/c2 region.

BESIII PR D95, 032002(2017) 

[PRD 84 112009(2011)]
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10B J/ and 3B ’ provide great opportunities

0+ 2+ 0-

J/ψ→γPP

J/ψ→γVV

J/ψ→γPPP

J/ψ→γPPPP

⚫ 0+, 2+ : coupled channel analysis 

⚫ J/ψ→γPP

⚫ J/ψ→ω/φ + X

⚫ 0- : trajectory >2 GeV, X(2370)

⚫ J/ψ→γPPP

⚫ J/ψ→γγ V 

⚫ 1-+

⚫ J/ψ→γ𝜂1
(′)

⚫ 𝜒𝑐1 → 𝜂𝜂1
(′)
, 𝜋𝜋1

J/ψ→γX →γ γ V 

Flavor Filters：

J/ψ→ω/φ + X

Anti filter: 



• Data with unprecedented statistical accuracy from BESIII 
provides great opportunities to study light exotics

• To obtain a complete picture, different experiments with 
complementary information are needed

• To explore the high statistics data sets, more advanced tools 
and closer experiment<->theory cooperation  are needed

Thank you for your attention



Physics at BESIII



BESIII collaboration

15 countries, 74 institutes

~450 scientists
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